+ presumably via an intermediate phosphine dihydrogen complex. The electronic as well as the steric properties of the co-ligands seem to strongly influence the structure-reactivity behaviour of this series of complexes.
Introduction
The nature of the ancillary ligand environment in a dihydrogen complex can have a profound effect on the structure and reactivity of the dihydrogen ligand. A thorough understanding of the structure and reactivity of the dihydrogen complexes is required for the rational design of new homogeneous metal catalysts. In this context, transition metal complexes bearing phosphorus co-ligands allows for a very systematic study because both electronic as well as the steric properties of the phosphorus ligands could be varied systematically 1 . We have earlier reported the influence of the cone angles and the π-acceptor properties of certain phosphorus ligands on the structure and reactivity of a series of dihydrogen complexes of ruthenium of the type trans-[(dppe) 2 + to study their influence on the properties of these complexes [5] [6] [7] [8] [9] [10] . In this paper, we wish to focus on the chemistry of dihydrogen complexes of the type [(dppm) 2 Ru(η 2 -H 2 )(L)][BF 4 ] 2 (dppm = bis-(diphenylphosphino)methane, L = phosphite or phosphine). We also compare the present results with the ones obtained earlier 6 with analogous derivatives consisting of dppe ligands in order to understand the *For correspondence effect of the smaller bite angle of the chelating phosphine ligands (here dppm) on the structure-reactivity behaviour of these complexes.
Results and discussion
The and the reactions were studied using NMR spectroscopy. Upon addition of one equivalent of the acid, the trans hydride phosphite complexes underwent isomerization resulting in new
The cisdisposition of the hydride and the phosphite ligands was ascertained from the 1 H and 31 P NMR spectral features. The hydride ligand shows a complex multiplet pattern that could be described with a XABCDM spin system in the 1 H NMR spectrum whereas the 31 P NMR spectrum could be modelled as an ABCDM spin system. In addition, we carried out X-ray crystal structure determination of cis-[(dppm) 2 Ru(H)(P(OMe) 3 figure 1 . The structure consists of a severely distorted octahedron: three of the four dppm phosphorus atoms define a plane whereas, the fourth phosphorus is approximately trans to the phosphite ligand that is perpendicular to the plane of the three dppm phosphorus atoms. The hydride ligand that occupies the sixth coordination site on the metal was not located. The structure could be viewed as a distorted trigonal bipyramid if the hydride ligand is excluded, as shown in the figure. The dppm bite angles, P(1)-Ru(1)-P(2) and P(3)-Ru(1)-P(4) are respectively, 71⋅40(7) and 70⋅89(7)°. The notable feature of the structure is the tightening of the Ru(1)-P(5) bond (2⋅249(2) Å) in comparison to that of the trans-isomer (2⋅3153(17) Å). A reasonable mechanism of the isomerization could involve the protonation of one of the dppm phosphorus atoms of trans-[(dppm) 2 Ru(H)(L)][BF 4 ] complex in the presence of HBF 4 •Et 2 O. This then allows for the swinging around of the free, protonated end of the dppm ligand to generate a vacant site cis to the hydride. An intramolecular rearrangement renders the phosphite cis to the hydride, followed by the closure of the dppm ring completing the isomerization. The cis isomers could be obtained even in the absence of the acid, under refluxing conditions of CHCl 3 solution containing the trans-isomers. A trans to cis product distribution ratio that is dependent on the cone angle of the phosphite ligand was achieved after 20 h under such conditions: greater cone angle of the phosphite results in greater amount of the cis-isomer. In the absence of the acid, a different mechanism seems to operate: the phosphite due to its labile nature gets released from the metal centre resulting in a coordinatively unsaturated five-coordinate species. The phosphite then attacks the metal center from a position that is cis to the hydride ligand (scheme 1).
The trans → cis isomerization that is promoted by acid as discussed above is a rare example of acid-catalysed isomerization in six-coordinate complexes. Since the isomerization is quite facile, it could mean that a relatively low barrier relates the two isomers.
Upon further addition of HBF 4 •Et 2 O to the mixture of the trans and the cis- 4 ] (L = P(OMe) 3 , P(OEt) 3 3 hydride complex, the addition of one equiv of acid brings about the isomerization of the trans to the cis-isomer. In addition, a small amount of another + cation. The phenyl groups on the dppm phosphorus atoms have been omitted for clarity; only one carbon atom of each of the phenyl groups is shown in the figure. Selected bond lengths (Å) and angles (°): Ru(1)-P(1) 2⋅379(2), Ru(1)-P(2) 2⋅316(2), Ru(1)-P(3) 2⋅349(2), Ru(1)-P(4) 2⋅417(2), Ru(1)-P(5) 2⋅249(2), P(5)-Ru(1)-P(1) 152⋅14(8), P(5)-Ru(1)-P(2) 90⋅20(7), P(5)-Ru(1)-P(3) 93⋅22(7), P(5)-Ru(1)-P(4) 92⋅15(7), P(2)-Ru(1)-P(1) 71⋅40(7), P(4)-Ru(1)-P(3) 70⋅89(7). 4 ] complexes as evidenced in the 1 H NMR spectrum. Further addition of the acid led to the disappearance of the hydride dihydrogen complex whereas the dihydrogen chloride complex remained intact. The 31 P NMR spectra gave similar indications of the appearance of hydride dihydrogen and dihydrogen chloride followed by the disappearance of the former in the presence of excess acid. However, when excess acid was added, two new signals were observed that could be assigned to a coordinatively unsaturated species, [(dppm) 2 RuCl] + . Most of the catalytic hydrogenation reactions involve dihydrogen complex intermediates which protonate adjacent alkyls in a σ-bond metathesis reaction 9 . The mechanisms of such reactions are poorly understood. In this context, the cis-[(dppm) 2 Intermediates enroute to the proton transfer could be studied using NMR spectroscopy. Efforts in this direction are underway in our laboratories.
